Reduced pollutant sensitivity was observed with increasing moisture stress under both laboratory and field conditions (1, 10, 20, 23) . It was shown that the moisture stress caused stomata to be at least partially closed at the initiation of pollutant exposures so that less pollutant was able to enter the leaves, thus protecting plants from injury (1).
The sensitivity of plants to air pollutants varies greatly with environmental factors during growth and during exposure to pollutants. Two of the most important factors are moisture stress and daily time of exposure.
Reduced pollutant sensitivity was observed with increasing moisture stress under both laboratory and field conditions (1, 10, 20, 23) . It was shown that the moisture stress caused stomata to be at least partially closed at the initiation of pollutant exposures so that less pollutant was able to enter the leaves, thus protecting plants from injury (1) .
Stomatal closure also has been observed. during exposures with SO2 (11, 14, 17) and exposures with 03 (6, 14, 17) . Closure with pollutant exposure was correlated with the extent of leaf injury in some studies (4, 17) ; in other studies, stomatal closure was not associated with any reduction in leaf injury (5, 6 The time of day that exposure occurs is important because plants exhibit less leaf injury when exposed to pollutants at the beginning or end, compared to the middle, of the light period (10). Katz (10) suggested that differences in stomatal opening over the light period may be the controlling factor for observed variations in pollutant sensitivity. However, Ting and Dugger (24) showed that differences in stomatal opening before pollutant exposures were not related to variation in the sensitivity of beans over the light period.
Here, we conducted studies to obtain precise information on stomatal closure during pollutant exposure for plants grown at different media moisture levels and for plants exposed to pollutants at different times over a light period. Stomatal response was measured both with conductance porometers and by means of silicone rubber impressions of the leaf surfaces for the different pollutant treatments. Stomatal response was compared to amount of leaf necrosis that developed with the different treatments.
MATERIALS AND METHODS
The Pisum sativum L. cultivar 'Alsweet' was utilized for these studies, with plants culture and pollutant exposure procedures as detailed previously (14) .
To provide moisture-stressed plants, the watering system was removed from pots 8 or 9 days after seeding and the peat-vermiculite medium was allowed to dry until pollutant exposure (Table II) . In contrast, adaxial stomata had a similar reduction in conductance during exposure at both soil moisture levels.
Light Period Studies. Peas exposed to either SO2 or 03 at the beginning (h 0 to 2) and end (h 9 to 16) of a 16-h light period showed significantly less necrosis than plants exposed during the middle (h 2 to 9) of the light period (Fig. 1) . Water potential of the plants gradually decreased from Stomata closed partially with all exposures over the light period; however, the amount of closure was greatest with exposures at the beginning and end of the light period. With exposure to SO2, stomatal closure resulted in a conductance of only 0.09 cm s-1 at both the beginning and end of the light period, whereas, a conductance of 0.20 cm s was found during the middle of the light period (Fig. 2) light period (Fig. 3) . Control plants for the ozone exposures had a conductance of 0.38 cm s-' over the entire light period. Measurements of the diameter of stomatal apertures also indicated defmite closure of stomata of plants exposed to SO2 and 03 over the light period (Table III) . There was greater closure with pollutant exposures at the beginning (h 2) and end (h 16) compared to the middle (h 6.5) of the light period. Control plants exhibited smaller apertures at the beginning and end of the light period, but the differences were not as large as the closure that was apparent in plants exposed to pollutants.
DISCUSSION
Moisture Stress Studies. Greater stomatal closure occurred during pollutant exposure for plants subjected to moisture stress than for plants at field capacity. This increased closure could be correlated directly with less leaf necrosis on these plants. The increased closure of stomata at the lower soil moisture level was greater on abaxial than adaxial surfaces. Greater stomatal closure on the abaxial compared to adaxial leaf surfaces was previously reported for plants exposed to ozone (7, 14) . Greater abaxial than adaxial closure was also reported for plants without pollutant treatment subjected to environmental stresses such as low RH D0.
2. 4. 6. levels or soil moisture levels (2, 9, 15). For pea plants at field capacity, the water potential of approximately -3.4 bars was within the range of potentials (-3 to -8 bars) reported for other species grown under field capacity conditions (3, 16) . The 0.6-bar decrease in plant water potential with media drying was less than the 2.0-bar decrease that was developed in investigations by Rich and Turner (16) . This small difference in water potential at the lower moisture level in the current studies was apparently not great enough to trigger stomatal closure by itself. This was indicated by the similar stomatal conductance for control plants.at both moisture levels. These results were consistent with those of Rich and Turner (16) who found that a small decrease in water potential did not affect the conductance of unexposed plants.
Light Period Studies. The results indicated that enhanced stomatal closure during pollutant exposures at the beginning and end compared to the middle of the light period was closely correlated with reduced leaf necrosis. There was also a lower conductance for stomata on control plants at the beginning and end of the light period, but this depression in conductance was not as great as for pollutant exposed plants. Control plants had similar stomatal conductance between h 2 to 14, even though necrosis on exposed plants was much greater for h 2 to 9 than for h 9 to 14.
Stomata appeared to be only slightly closed during 03 exposures at the beginning of the light period on the basis of conductance measurements, whereas stomata were significantly closed on the Plant Physiol. 2.
4. Plant water potential changes over the light period were not correlated with the extent of leaf injury, for there was a small amount of necrosis at the beginning of the light period when the plant water potential was the least negative and also at the end of the period when it was most negative. The decrease in water potential of 1.7 bars over the light period was similar to observations in other controlled environment studies (3) . However, it was less than the -10-bar decrease in water potential over 1 day found in field environments (25 controlling mechanism may be increased AbA accumulation in the plants. This plant hormone has been found to increase in leaves with moisture stress (13) and, when AbA has been applied to plants, there has been an increase in stomatal closure on plants exposed to pollutants (1 1). Thus, if AbA production is stimulated by pollution exposure, the effects of moisture stress and pollution exposure may be additive in promoting AbA production and maximum stomatal closure.
The variations in closure in stomata with pollutant exposure over the light period could be due to oscillations in the level of an endogenous factor, as AbA, controlling stomatal opening. It is known that there are diurnal oscillations in stomatal opening that persist under continuous light conditions, although no specific hormone or triggering mechanism has been established for this response (12) .
